ABSTRACT. An intrauterine insemination technique using a fiberscope was investigated in the giant panda. A septal wall was present about 5 cm from the vulva, the external urethral orifice was present in the ventral region, and the entrance (pseudocervix) to the vagina was present in the dorsal region. The uterovaginal region protruded in the dorsal region about 15 cm from the pseudocervix. The external uterine orifice was present in the uterovaginal region, revealing that intrauterine insemination can be easily performed. This technique may greatly contribute to artificial reproduction of the giant panda. KEY WORDS: fiberscope, giant panda, intrauterine insemination.
The giant panda (Ailuropoda melanoleuca: G. panda) is an endangered species, and many efforts are being made to conserve this animal. Ueno Zoo (Tokyo, Japan) started a raising and reproduction program for G. pandas in 1972, and 3 births were obtained by AI in 1985 AI in , 1986 , and 1988 [5] . All were obtained by intravaginal insemination using bovine insemination equipment. However, no conceptions have been achieved since then.
Artificial insemination (AI) is divided into intrauterine and intravaginal based on the site of semen infusion, and the number of sperm required to obtain conception by these methods is markedly different. For example, in beagles, 2 × 10 8 sperms are required for intravaginal insemination, but only 1/10 of this, or 2 × 10 7 sperms, is required for intrauterine insemination [14] . The number of sperm required for intrauterine insemination is 1/5 of that required for intravaginal insemination in cats [11, 13] . In frozen semen, sperm motility markedly decreases and survival time shortens after thawing [8] [9] [10] . For efficient usage of sperm in an endangered species, establishment of an effective intrauterine insemination technique is urgently needed.
There is very little information on the intravaginal structure of living G. pandas. A narrow region is present about 5 cm from the vulva, and the vagina is located in the inner part, but it cannot be visually confirmed because of the body shape of the animal. Development of intrauterine insemination using a laparoscope is underway for animals in which transvaginal intrauterine insemination is not applicable [4] . However, this method requires an incision in the abdominal wall and takes time for insemination. Thus, development of a non-invasive intrauterine insemination technique is necessary for rare animals including the G. panda.
The objective of this study was to clarify the fiberscopic anatomical characteristics of the vaginal cavity, which is the region from the vulva to the external uterine orifice, and investigate the development of a transvaginal intrauterine insemination technique using a fiberscope for efficient usage of G. panda sperm.
Animals: A female G. panda that had been maintained in Mexico (Chpultepec Zoo) was transferred to Ueno Zoo for AI. The animal was 16 years of age, and 130 kg in weight. Semen was collected from a 19-year-old male G. panda maintained at Ueno Zoo.
Determination of AI day: In addition to observation of behavioral estrous signs, such as squealing and marking with scent, urinary estrone-conjugate (E 1 C) was measured once daily starting in February, and initiation of estrus was predicted at the time of a slight increase in the urinary E 1 C levels. Thereafter, urine was collected several times daily, and the peak time was determined as estrus. AI was performed within 48 hr after the levels decreased. After initiation of estrus, urinary pregnanediol-3-glucuronide (PDG) was measured once daily to confirm ovulation. Urinary E 1 C and PDG were measured by enzyme immunoassay [7] .
Semen collection: Under general anesthesia, semen was collected from the male using the electrical stimulation method [12] . Anesthesia was induced using diazepam (HORIZON ® , 0.2 mg/kg/im; Yamanouchi Pharmaceutical Co., Ltd., Tokyo, Japan) and ketamine hydrochloride (KET-ALAR ® 50, 8.0 mg/kg/im; Sankyo Co., Ltd., Tokyo, Japan) and was maintained by inhalation of isoflurane (ISOFLU ® , Dainippon Pharmaceutical Co., Ltd., Osaka, Japan). The animal was restrained, an enema was performed, and a catheter was inserted to empty the urinary bladder prior to semen collection. A probe 2.85 cm in diameter was then inserted into the rectum, and electric stimulation was applied. The ejaculated semen was collected into a warmed semen-sampling bottle, and a semen quality test was immediately performed. In the semen quality test, the percentage of progressive motile spermatozoa (sperm motility) and viable spermatozoa (sperm viability), incidence of morphologically abnormal spermatozoa (sperm abnormality), and total number of sperm were measured [12] .
AI: Anesthesia was induced with ketamine hydrochloride (2.0 mg/kg/im) and medetomidine hydrochloride (10 mcg/ kg/im; Meiji Seika Kaisha, Ltd., Tokyo, Japan) and was maintained by inhalation of isoflurane. The animal was restrained in a prone position. Intravaginal observation and catheter insertion were performed using a fiberscope (Veterinary endoscopic system, Olympus AVS, Tokyo, Japan) for small animals with a diameter of 6 mm. For fiberscopic insertion, a 25 cm-long transparent vinyl chloride tube with a diameter of 3.0 cm (inner diameter: 2.5 cm) was inserted and used as a guide. The vaginal cavity was fiberscopically observed, and after it had reached the external uterine orifice, semen was injected into the uterus through the external uterine orifice using a catheter. The catheter used had an outer diameter of 1.95 mm and outer tip diameter of 4Fr. The semen was centrifuged (1,500 rpm for 5 min) and adjusted to 1 ml after discarding the supernatant.
The semen qualities are shown in Table 1 .
8 , mean sperm motility was 75.0 ± 3.3% (SE) , sperm viability was 84.4 ± 1.4%, and sperm abnormality was 2.3 ± 0.1%.
Time-course changes in the urinary E 1 C and PDG concentrations of the female are shown in Fig. 1 . PDG began to slowly increase 3 days after AI.
A septal wall was present at a site about 5 cm from the vulva, forming a boundary between the vaginal vestibule and the vagina (Fig. 2a) . The external urethral orifice was noted approximately central to the ventral region of the septal wall (Fig. 2b) , and the entrance to the approximately 1 cm-long slit-like vagina was less visible in the dorsal region. Since this structure was similar to the external uterine orifice, we named it the "pseudocervix". The pseudocervix was closed like a slit and was easily opened with air pressure supplied from the fiberscope (Fig. 2c) . The lumen of the pseudocervix was slightly curved and about 2 cm in length. The length of the vagina was about 15 cm. A protruding uterovaginal region was noted in the dorsal region. The external uterine orifice was present in this region and was like a slit, but it was not clearly visible. This was similar to the entrance of the pseudocervix (Fig. 2c) . The catheter passing through the fiberscope was smoothly advanced from the external uterine orifice (Fig. 2d) , and 1 ml of semen was injected. However, this insemination did not lead to conception.
Unlike previous anatomical observations [3] , we observed the vaginal cavity of a living G. panda using a fiberscope. The pseudocervix located 5 cm from the vulva was similar to the external uterine orifice, and it is likely that it could be easily misidentified. Actually, in a study of AI in G. pandas reported by Moore et al. [6] , the uterine cervical opening was described as being adjacent to the external urethral orifice, suggesting that the pseudocervix was mistaken for the uterine cervix. The true external uterine orifice was located about 15 cm post the pseudocervix. Our fiberscopic observation clarified the vaginal structure. Anatomical observation [3] suggested that the uterine body is long (about 10 cm) in estrus, and the length of the uterine cervix may be about 2 cm. Thus, we considered that insemination through a catheter inserted at about 2.5 cm from the external uterine orifice may infuse sperm into the uterine body, and the sperm may enter the bilateral uterine horns. However, semen flowed backward when the catheter was removed after injection through the external uterine orifice. Reduction of the injection volume and thinning of the catheter may be necessary because the inner diameter of the uterus is small.
The erect penis of the G. panda is about 8 cm in length. The total volume of the semen ejaculated from multiple electric stimulations was about 7 ml [12] . In natural mating, ejaculation may occur in the vaginal vestibule before the pseudocervix, and the structure of the pseudocervix suggests that a large volume of semen is lost before it reaches the external uterine orifice. Direct advancement of insemination equipment forward to beyond the pseudocervix may be difficult because of the pseudocervix curved structure. In intravaginal inseminations previously performed by us [5] , semen may have inseminated the vaginal vestibule. The possibility of insemination in the external urethral orifice cannot be excluded because its presence has been clearly observed in the pseudocervix. However, in the AI of the G. panda reported by Moore et al. [6] , 1 out of 3 animals was fertilized even though the semen may have inseminated a region 3-4 cm from the pseudocervix, suggesting that good quality semen may provide conception even if it is injected in the pseudocervix. This is considered to be intravaginal insemination.
Conception was not obtained in this study. Estrous behavior of female G. pandas may occur when the urinary estrogen peak begins to decrease [1, 2] . Insemination was performed about 48 hr after the E 1 C peak began to decrease and was slightly delayed compared to previous reports [5] in which conception was obtained by AI performed 24 hr after peak E 1 C. However, whether the timing of insemination corresponded to the optimum mating period could not be determined because various information, such as the timing of capacitation and duration of ova viability, has not yet been clarified. Ovulation was confirmed because PDG increased after AI. The number of sperm inseminated may have been sufficient based on the other reports [6] .
Considering the above findings, intrauterine insemination of G. pandas using a fiberscope, which enables us to inject semen into the uterus through the vagina, may reduce the number of sperm required for insemination and increase the probability of conception. Development of this technique may greatly contribute to artificial reproduction of the G. panda.
